Introduction: Studies based on the ISAAC questionnaire suggest a correlation between the use of antibiotics and the prevalence of asthma and allergy in children aged 6-7 years. The number of courses of antibiotic therapy is an important factor. Objectives: To investigate the relationship between the use of antibiotics during the first years of life and the prevalence of allergy and asthma among children (aged 6-8 years) in the urban population of Poland. Materials and Methods: A survey-based study with a self-completed questionnaire. The respondents were parents of children aged 6-8 years living in Warszawa, Poland. 1461 completed questionnaires were collected. Results: Asthma was declared in 4.3% of the children. Wheezing and/or sibilant rhonchi within 12 months before the study was observed in 13.5% of the cases. Asthma medication was taken by 21.8% of the children. Allergic rhinitis was declared in 18.7% of the children. Problems with sneezing, rhinorrhea, and nasal congestion not associated with cold or fever were observed in 40.7% of the children. The analysis of the odds ratios between the use of antibiotics and the symptoms of allergic diseases revealed a clear correlation. The highest odds ratio was observed between the completion of over three courses of antibiotic therapy prior to the age of 12 months and the declaration of one of the following: asthma (OR = 5.59, 95% CI: 2.6-12.01), wheezing and/or sibilant rhonchi (OR = 4.68, 95% CI: 3.01-7.27) and taking medicines for breathlessness (OR = 5.12, 95% CI: 3.42-7.68). Conclusions: There is a direct relationship between antibiotic use in the first 3 years of life and asthma and allergy symptoms in children aged 6-8 years old.
INTRODUCTION
Several scientific publications on asthma and allergy epidemiology in industrialized countries show an increase of asthma and rhinitis prevalence [1] [2] [3] [4] . The study Epidemiology of Allergic Disease in Poland (ECAP) showed the occurrence of allergic rhinitis in 23.6% of 6-7-yearolds [5] . Furthermore, the overall prevalence of asthma among children and teenagers aged 3 to 16 was 8.6% [6] in the Polish Multicentre Study of Epidemiology of Allergic Diseases (PMSEAD). The prevalence of allergic diseases among children is higher in the urban areas than in the rural ones. Asthma and allergic rhinitis were recognized in 16.42% and 38.81% of urban children 12-16 years of age and in 1.97% and 10.84% of rural children 12-16 years of age, respectively [7] . The observed differences in the prevalence of allergic diseases between the rural and urban populations are consistent with the "hygiene hypothesis". The hygiene hypothesis explains the correlation of the rise in the prevalence of allergic diseases to decreased family size and infection, and increased immunizations [8, 9] . Studies conducted throughout the world have demonstrated a connection between asthma prevalence and specific pharmacotherapies, especially paracetamol, in the intra-uterine environment [10] [11] [12] [13] and in early childhood [14, 15] . Also, a direct relationship has been observed between paracetamol use and the development of rhinitis in children aged 6-7 years [16] . Another ISAAC study involving 258 000 children from fifty-six countries showed a statistically significant inverse relationship between antibiotic sales per capita and asthma-related symptoms prevalence (p = 0.021). The opposite relationship was observed with rhinitis, but it was not statistically significant (p = 0.076) [17] . An analysis of the Swedish Prescribed Drug Register conducted in children born between July 2005 and June 2009 (211 000 records) shows a strong relationship between antibiotic usage and the prescription of asthma IJOMEH 2012;25(4) 472 sneezing or a runny or congested nose when she/he did not have a cold, fever or flu?; 53) Does your child have any nasal allergies, including a runny nose caused by allergy to pollens (hay fever)?; 59) Has your child ever had any transient itchy rashes for at least 6 months?; 61) Has your child ever had an allergic reaction after an insect bite in the past?; 62) Is your child allergic to any foods? IBM SPSS Statistics 20 software was used for statistical analysis. The differences in the prevalence of allergy symptoms between the groups (including sex groups) were tested by chi-squared test. Part of the analysis was done separately for the groups of boys and girls. The relationships between the variables were measured using odds ratios (OR). Moreover, multivariate binary logistic regression analyses were carried out. Eight models were built, one for each symptom of allergic diseases separately. The dependent variable was the symptom of allergic disease. The independent variables were as follows: the use of antibiotics in the first year of life, the use of antibiotics when the child was aged between 13 and 36 months (both variables were inputted as qualitative variables) and of the sex of the child. For all the tests, a p-value of < 0.05 was considered significant.
RESULTS

Antibiotic therapy administration
1446 (99%) out of 1461 respondents answered the question about administering antibiotics during the first year of their children's life. 35.3% of the parents claimed that they had not administered any antibiotics to their children, 27.5% had administered antibiotics only once, 17.2% had administered antibiotics two or three times and 12% said they had given antibiotics to their children more than 3 times. 8% of the respondents did not answer the question. 32.4% of the boys and 37.7% of the girls did not take any antibiotics by the age of one year. Antibiotics were more study. The systematic sampling was representative for the target group (school-aged children from the first grade in Warszawa). The parents or legal guardians of those children were the respondents in the study and they completed the questionnaires. The questionnaires were distributed by the teachers to the children to be given to their parents/ guardians. 1525 out of 3164 questionnaires provided to the schoolteachers were returned making a response rate of 49%. Subsequently, 1461 fully completed questionnaires were verified and accepted for further analysis. 85.8% of the children in the test group were born in 2002, 11.6% in 2003 and 2.7% in 2001. Each questionnaire consisted of 64 questions in three sections: information about the guardian and the household, early childhood and environmental factors, and health status (allergic disease symptoms). The questions related to asthma and allergy symptoms were chosen from the International Study of Asthma and Allergies in Childhood (ISAAC) and the European Community Respiratory Health Survey II (ECRHS II version). ISAAC and ECRHS II questions were adapted and validated to match the Polish conditions for ECAP (Epidemiology of Allergic Disease in Poland, www.ecap.pl) study purposes. The questionnaire contained two questions regarding antibiotic therapy: "How many times was your child treated with antibiotics before he/she was 12 months old?" (question 42) and "How many times was your child treated with antibiotics when he/she was 13-36 months old?" (question 43). The symptoms of asthma and allergy were measured on the basis of the answers to the following questions: 47) Has your child taken any medicines for breathlessness or problems with breathing?; 48) Has your child had wheezing or whistling sounds in the chest at any time in the last 12 months?; 49) Has your child ever been diagnosed with asthma?; 51) Has your child ever had a problem with IJOMEH 2012;25(4) 473 bites were confirmed in 21.0% of the boys and 26.9% of the girls (p = 0.020). Parents claimed that 21.1% of the boys and 20.9% of the girls were allergic to food (the difference not statistically significant, p = 0.896). Table 1 presents asthma and allergy occurrence, relating to the history of antibiotic therapy. Table 1 shows a clear correlation between the prevalence of asthma and allergic disease symptoms and antibiotic use in the first 12 months of life. Declarations of asthma and allergic nasal symptoms in the groups stratified on the basis of antibiotic use in the first year of life are presented in Figure 1 . There is a direct relationship between the use of antibiotics and asthma in the age group of 6-8-year-olds. The prevalence of asthma in children, who did not receive antibiotics in their first year of life, is 2.2%. Asthma was present in 11.0% of the respondents in the group in which antibiotics were used over 3 times. The prevalence of allergic nasal symptoms varied statistically significantly according to the number of antibiotic courses in the first year of life only in the group of girls (p < 0.001). Among the boys, the differences in the distribution of this factor turned out not to be statistically significant (p = 0.268). The correlations between the use of antibiotics in the first year of life and the symptoms of allergic diseases often given to boys (p = 0.006). Certain differences were also observed in the antibiotic use frequency. 14.5% of the boys and 9.9% of the girls were treated with antibiotics more than 3 times. 1456 (99.7%) out of 1461 respondents answered the question about administering antibiotics to children aged between 13 and 36 months. 12.1% of the parents claimed that during that time they had not administered any antibiotics, 32.1% had used them 1-2 times and 23.6% had used them 3-4 times. 10.9% said they had given antibiotic 5-6 ti mes and 12.2% more than 6 times. 9.3% of the respondents could not answer the question. The parents' answers to these questions showed a statistically significant association with the sex of the child (p = 0.021). Between the ages of 13-36 months, 10% of the boys and 13.9% of the girls received no antibiotics, while 25.5% of the boys and 20.9% of the girls were given antibiotics more than five times in the same period.
Coexistence of asthma and allergy symptoms and antibiotic therapy during the first year of life
Asthma and allergy symptoms
The incidence of asthma and allergy symptoms in the study group was more often declared among the boys. Recognized asthma was declared by the parents of 6.0% of the boys and 2.8% of the girls (p = 0.004). Wheezing or sibilant rhonchi in the last twelve months was observed in 15.0% of the boys and 12.8% of the girls (the difference not statistically significant, p = 0.143). Drugs for treating breathlessness or difficulty with breathing were taken by 26.1% of the boys and 18.1% of the girls (p < 0.001). The parents of the boys declared allergy or its symptoms more often. Allergic rhinitis affected 20.8% of the boys and 16.8% of the girls (the difference not statistically significant, p = 0.054). Sneezing, rhinorrhea, and nasal congestion not associated with cold or fever were observed in 44.2% of the boys and 37.7% of the girls (p = 0.017). Itchy rash for at least 6 months was observed in 33.8% of the boys and 32.4% of the girls (the difference not statistically significant, p = 0.652). Allergic reactions to insect Coexistence of asthma and allergy symptoms, and antibiotic therapy between 13-36 months of age The incidence asthma and allergic diseases in the examined children also varied depending on the use of antibiotics between the age of 13 and 36 months ( Table 1 ). Figure 2 presents selected information on the link between asthma and allergy and the use of antibiotics during that period.
are presented in Table 2 . The strongest correlations among the analyzed factors were observed when the children had been given antibiotics more than three times, compared to the group that had not received any antibiotics. The highest odds ratios were recorded between the group of children who had received three or more courses of antibiotics and the declaration of asthma (OR = 5.59, 95% CI: 2.6-12.01), taking medicines for breathlessness (OR = 5.12, 95% CI: 3.42-7.68), and wheezing or sibilant rhonchi (OR = 4.68, 95% CI: 3.01-7.27).
In most analyzed cases, there was no proof of statistical relationship (measured by the odds ratio) between the rare use of antibiotics (only once in the first year of life) and reporting the symptoms of allergic diseases. The exceptions are: taking medicines for breathlessness (OR = 1.73, 95% CI: 1.21-2.49) and an itchy rash for at least 6 months (OR = 1.43, 95% CI: 1.08-1.91). Analysis of the odds ratios between the use of antibiotics, when a child was between 13 and 36 months of age, and the symptoms of allergic diseases revealed a correlation ( Table 3 ). The strongest relationship between the analyzed factors was observed when the children had been given antibiotics more than four times in comparison to the group who had not received any antibiotics. In most analyzed cases, there was no proof of statistical relationship (measured by the odds ratio) between the rare use of antibiotics (only once or twice when a child was between 13 and 36 months of age) and reporting the The occurrence of asthma in children who had not received antibiotics between 13 and 36 months of age was 1.7%. Asthma was present in 8.9% of the children who had been given antibiotics 5-6 times and in 6.3% of the children who had taken antibiotics more than 6 times.
This finding suggests that the use of antibiotics increases the likelihood of asthma at an early school age (Figure 2) .
Additionally, data analysis revealed that the prevalence of asthma varied depending on the number of antibiotic therapies in the group of girls (p = 0.014), yet there was no such relationship among the boys (p = 0.161).
The prevalence of allergic nasal symptoms varied statistically significantly according to the number of antibiotic courses applied between 13 to 36 months of age among the girls only (p < 0.001). Among the boys, the differences in the distribution of this factor turned out not to be statistically significant (p = 0.114). 
DISCUSSION
The connection between antibiotic use in early childhood and asthma [23, 24] and allergic diseases is not shown in all published studies [23, 25] . For instance, Celedón's analyses did not show a direct relationship between asthma and allergy in early childhood and antibiotic use. In that study, a group of 448 children with a parental history of atopy was followed from birth. When the potential confounders were eliminated, there was no statistically important relationship between antibiotic use in the first year of life and asthma, wheezing, allergic rhinitis or eczema at the age of 5. The data presented in this article partially supports the hypothesis that a relationship exists between the administration of antibiotics during the first months of life, and the subsequent prevalence of allergies, asthma and their symptoms in childhood. The effect is observed mainly among girls, where the correlations between the use of antibiotics in the first year of life and in the period from 13 to 36 months of age were both linked to atopy. It might be that frequent antimicrobial therapy administration in healthy boys is responsible for weaker statistical relationship in comparison to girls. Due to the nature of the study and the type of statistical analysis applied, other potentially relevant factors were not accounted for. The factors that were not measured in the study may have a significant impact on the presented results. For example, the information about the onset of allergic diseases was not collected in the study. It is important because children with unrecognized asthma in early age may be treated with antibiotics when they have an asthmatic attack. There is a risk that a physician may mistake asthma symptoms with an infection and apply incorrect treatment. In consequence, early antibiotic treatment may be a marker of early onset of asthma. This factor is a potential and important confounder, which should be considered in subsequent studies. Additionally, an important problem is the reliability of the declarations in such questionnaire-based surveys. Asthma and allergic diseases are often underdiagnosed in symptoms of allergic diseases. The exception is allergy symptoms after exposure to hymenoptera venom after bites by these insects (OR = 2.28, 95% CI: 1.35-3.87). A multivariate binary logistic regression analysis was carried out separately for each symptom of allergic diseases. Eight models were created according to the analyzed question. The explanatory power of the regression models was relatively low. Cox & Snell R squared ranged from 0.089 (for taking medicines for breathlessness or problems with breathing) to 0.004 (for food allergy), depending on the symptom being explained. In all the developed models, the use of antibiotics on one occasion in the first year of life was statistically insignificant (the reference level was not taking any antibiotics in that period). The use of antibiotics three times or more during the first year of life proved to be statistically associated with the declaration of: taking medicines for breathlessness (OR = 2.80, p < 0.001), wheezing or sibilant rhonchi in the chest (OR = 2.85, p < 0.001), asthma (OR = 3.17, p = 0.020) and problems with sneezing, runny nose, or congestion (OR = 1.71, p = 0.016). In all the models, the relationship between the symptoms of allergic diseases and the use of antibiotics once or twice between 13 and 36 months of age was statistically insignificant (the reference level being no antibiotics administered in that period). The use of antibiotics four times or more during the first year of life proved to be statistically associated with the declaration of: taking medicines for breathlessness (OR = 3.93, p < 0.001), wheezing or sibilant rhonchi (OR = 2.71, p = 0.008), problems with sneezing or a runny or congested nose (OR = 1.86, p = 0.008), itchy rash for at least 6 months (OR = 1.67, p = 0.034) and allergy after an insect bite (OR = 2.95, p < 0.001).
The sex of the examined children was a statistically significant factor in all models except nasal allergies and food allergy, as the boys presented a higher likelihood of developing symptoms of allergic diseases.
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478 epidemiological data to justify such frequent use of this drug in the first period of life. Only 9.5% of the surveyed parents declared that their child was not treated with antibiotics between birth an 36 months of age. Such frequent antibiotic use is a problem requiring an immediate solution. The data presented in this article is congruent with the hygiene hypothesis of allergy incidence. The information provided by this study could help us establish an allergy and asthma prevention program and could help us lower the cost of the health care system in Poland.
CONCLUSIONS
There is a direct correlation between antibiotic use in early childhood and, both, asthma and allergy symptoms in children 6-8 years.
Poland [26] . The data about asthma and allergic diseases declarations are possibly misleading and may not show the current epidemiological status, although such data is commonly used for the estimation of allergy and asthma incidence [4] . For this reason, in many cases, statements relating to the symptoms rather than the diagnosis of allergic diseases are more reliable.
There are also other methodological limitations. Reporting the symptoms of allergic diseases by the respondents in the survey questionnaire cannot be treated equally to medical examination. However, due to the significant problem with undiagnosed asthma and allergic rhinitis in Poland, asking respondents about the symptoms confirmed by physicians is also not an effective method. The solution would be to concurrently conduct the medical examination and the questionnaire, but this was not possible in this study. Declarations about taking antibiotics are also probably biased. The collected data may show lower percentages of children who received antibiotics at least once. 8-9% of parents were unable to answer the questions about antibiotic treatments. Also, the response rate at the level of 49% can hypothetically bias the results.
There is no evidence that the problem of nonresponse has systematic character, but this should be considered. The presented results are not unequivocal. Based on this study, one cannot determine whether antibiotic therapy is the cause of allergies or allergy is the cause of antibiotic therapy. Infections requiring antibiotics are often observed in children with asthma and allergy. It is also possible that in children with allergies and asthma, due to the clinical similarities of these conditions and infectious disease symptoms, the frequent use of antibiotics is the result of incorrect diagnosis leading to the overuse of antimicrobial drugs. Regardless of the relationship between asthma, allergies and their symptoms, and the use of antibiotics, the survey still revealed a troubling phenomenon. The results indicate that antibiotics are overused in Poland. There are no IJOMEH 2012;25(4)
